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INTRODUCTION
A main area of research with the mismatch negativity (MMN) component of event-related potentials (ERPs) concerns understanding the system that underlies it. This system detects changes from the recent acoustic past on an automatic basis [1] . An important view is that the system relies on two levels of mnemonic representation [2±4] . The ®rst pertains to what is currently stored in sensory memory, which constitutes the raw data. The second pertains to representations of invariance based on regularities present in this data. Subsequent stimuli that differ from the representations of invariance elicit the MMN.
Previous studies have shown that representations of invariance can be based on stimulus features [5] . For example, Gomes et al. [6] varied tones from trial to trial in intensity and frequency over a wide range such that two identical tones occurred so far apart in time that both could not be simultaneously present in sensory memory. Stimulus duration was constant on most trials, and tones that deviated in that feature elicited the MMN. Since at least two similar tones must be presented within the span of sensory memory before a deviant tone can elicit a MMN [7] , the relevant representation of invariance must have been based solely on stimulus duration rather than a Gestalt representation.
It has been shown that the MMN system can simultaneously maintain at least two representations of invariance [8, 9] . In these studies, standard tones had one of two values of a particular feature (frequency and stimulus duration, respectively). Deviant tones with values in between these two values of the standards elicited two MMNs, one with respect to each standard value. The experiments that showed representations of invariance can be based solely on features, however, indicate by inference that unlimited representations of invariance for features can be maintained. In these studies some features were varied across trials, while most were kept constant. Presumably, MMNs could have been elicited by delivering deviants with respect to any one of the features held constant.
Several experiments have indicated that the system does not only operate on the basis of features. One study showed that the processing of two features can interact [10] . Other studies have found that the system can operate on the basis of a conjunction of features [11±13] . In the study of Gomes et al. [11] , three standard tones each had different values of intensity and frequency. A deviant tone, which had the intensity of one of the standards and the frequency of one of the other standards, elicited the MMN. The manner in which the deviant differed from the standards was not with regard to its speci®c values of intensity and frequency, but with regard to the combination of these values.
Thus it appears that the MMN system can operate on the basis of individual features and the conjunction of features, depending on how the stimuli are presented, and also maintain multiple representations of invariance. The intent of the present study was to determine whether, if stimuli were presented in an appropriate manner, the system would operate on the basis of Gestalt representations of objects. One combination of intensity, frequency and duration of tones presented to one ear was alternated with another combination of these features presented to the other ear. The intent was to create multiple features of tones for a given ear that went together, in other words to create the impression of two objects, one to the left and one to the right. Most of the tones delivered to one ear were 100 ms in duration and most of the tones delivered to the other ear were 300 ms in duration. Deviant tones of 200 ms were delivered separately to each ear. It has been shown that a deviant tone midway between the duration of two standard tones can elicit two MMNs, one with respect to each standard [9] . In the present study, if the system were solely operating on the basis of features, two MMNs should have been elicited. However, if deviants elicited only one MMN (with respect to the standard duration of tones in the stimulated ear), this would suggest that the system was operating on the basis of objects. The latency of the MMN indicated the standard duration with respect to which the MMN was elicited. Detection of the 200 ms deviant with respect to the 100 ms standard could not begin until after 100 ms had elapsed. However, detection of the 200 ms deviant with respect to the 300 ms standard could not begin until after 200 ms had elapsed.
MATERIALS AND METHODS
Ten normal young adults (seven women) participated in the study. Informed consent was obtained after the situation was explained. The subjects read material of their own choosing during the experiment. Stimuli were delivered at the rate of 1/370 ms with rise and fall times of 5 ms each. In the main condition, tones alternated between the left (75 dB, 1494 Hz) and right (65 dB, 440 Hz) ears: 40% of the tones had a duration of 100 ms (left ear); 40% had a duration of 300 ms (right ear). Deviant tones of 200 ms duration randomly occurred on 10% of the trials in the left ear and 10% in the right ear. In one control condition 75 dB, 1494 Hz tones of 200 ms duration were presented to the left ear and in another 65 dB, 440sHz tones of 200 ms were delivered to the right ear. The conditions were counterbalanced across subjects. The MMN was delineated by separately subtracting the ERPs elicited by the 200 ms tones delivered to the left and right ears in the control conditions from the ERPs elicited by the 200 ms tones delivered to the left and right ears in the main condition, respectively.
The EEG was recorded with DC-coupled ampli®ers (40 Hz low-pass ®lter). The recording epoch was 600 ms in duration, including a 100 ms prestimulus baseline. The digitization rate was 250 Hz. Recordings were obtained from Fz, Cz, Pz, FC1, FC2, and the left (LM) and right (RM) mastoids, referenced to the nose. Vertical and horizontal ocular potentials were monitored with electrodes at Fp1 and below the left eye and F7 and F8, respectively. Trials where electrical activity exceeded AE 100 ìV at any recording site were rejected.
Peak latencies of the MMN were selected at Fz in the grand mean difference waveforms. The presence of the MMN was ascertained by determining whether the amplitude of the ERPs elicited by the standards and deviants differed in the latency region of the MMN. Amplitude measures were based on the mean voltage of a 50 ms window centered on the peak latency of apparent MMNs at 240 and 390 ms for the tones presented to the left and right ears, respectively. The data were analyzed using a two-way ANOVA for repeated measures with factors of stimulus type (deviant and standard) and electrode (Fz, Cz, FC1, FC2 and the two mastoids). Tukey post-hoc comparisons were then used to determine statistical signi®cance at individual electrode sites.
RESULTS

Figure 1 presents the ERPs elicited by standards (thin lines)
and deviants (thick lines) delivered to the two ears at Fz and LM (left column) and the difference waves (right column). For tones delivered to the left ear, an MMN, established by signi®cant differences between the standard and deviant waveforms (F(1,9) 38,4, p , 0.001), can be seen which peaked at around 240 ms at Fz (thick line). There was no sign of a MMN at a later latency. Tukey comparisons indicated signi®cant differences at Fz, Cz, FC1 and FC2 ( p , 0.01 in each case). For tones delivered to the right ear, an MMN (F(1,9) 14.4, p , 0.01) can be seen which peaked around 390 ms at Fz. There was no sign of a MMN at an earlier latency. Tukey comparisons indicated signi®cant differences at Fz, Cz, FC1 and FC2 ( p , 0.01 in each case).
DISCUSSION
The elicitation of one MMN by a given deviant, peaking around 240 ms latency for tones presented to the left ear and about 390 ms latency for tones presented to the right ear, indicates that deviants were processed with respect to one of two representations of invariance, each with its combination of intensity, frequency, duration and per- ceived location. When the MMN had a latency of 240 ms, it could be argued that the absence of a later MMN was due to inhibition or refractoriness of the MMN generator. This argument cannot, however, apply to the absence of an early MMN when the MMN peaked at 390 ms. In the latter case, deviants appear to have been processed as belonging to the set of tones with the combination of features which included a stimulus duration of 300 ms. The data suggest that the MMN system was operating with regard to acoustic sources or objects made up of a combination of features.
There are competing hypotheses for the visual system concerning the stage at which object formation occurs. In one view, a preattentive stage segregates input on the basis of Gestalt properties, such as spatial proximity, shared color or movement, and a later stage of focal attention analyses speci®c objects in greater detail [14] . In another view, feature integration is dependent upon attention [15] . On the basis of the data of the current experiment, it appears that the auditory system not only conjoins particular features preattentively [11±13] but that auditory objects are organized and maintained preattentively. Given accumulating evidence, recently reviewed [16] , that what the MMN system receives as input is what will be perceived if attended, this organization occurs prior to the MMN system.
The data are consistent with the idea that a function of the MMN is related to readjusting an integrated model of the acoustic environment which includes representations of invariance [9, 16] . In this view, the reason why deviants elicited only one MMN is because a readjustment was made of the representation of invariance associated with the object that emitted the sound. If deviants had elicited two MMNs, this would indicate that adjustments had been made to two representations of invariance, even though only one of the objects had emitted a deviant. However, the extent of what is integrated into the model of the acoustic environment used by the MMN system remains to be determined. It has been hypothesized that the model includes expectations, or sensory inferences, concerning upcoming stimuli [9, 16] . However, we [17] found that even though a visual stimulus informed subjects that a deviant tone was about to occur, an MMN was nevertheless elicited by the deviant. In this situation, the model the MMN system used did not integrate expectations about the acoustic environment held by higher order cognitive systems.
The data are also consistent with the view that an additional function of the MMN is to signal higher cognitive systems that an acoustic change has occurred [1] . An unresolved question concerning this signal is whether it contains information concerning the nature of the change (its location, duration, frequency, etc.), or merely indicates that a change has occurred, leaving it to other systems to determine the nature of the change. The latter possibility would appear to be less ef®cient, especially since the MMN system presumably has the information as to which representation of invariance has been violated. The differential processing of deviants in the present study suggests the possibility that the signal includes information as to which object emitted the change, although the data do not speci®cally address this question.
CONCLUSION
Our data suggest that the MMN system can operate on the basis of auditory sources of sound, or objects, and that object formation occurs preattentively in the auditory system.
